Simultaneous catheter replacement and removal in refractory peritoneal dialysis infections. The present report describes more than nine years of experience with simultaneous removal and replacement of the chronic peritoneal dialysis (PD) catheter in treating refractory mechanical and infectious complications. Simultaneous catheter replacement and removal not only succeeded in 22 of 23 cases with non-infectious mechanical complications, allowing uninterrupted PD in all but three, but also succeeded in 30 (83%) of 36 additional cases with persisting or recurring infection. Simultaneous procedures failed in six (17%) of 36 infectious cases, due to persistent infection in two cases and to procedure complications in four cases. The clinical characteristics of the 30 successful infectious cases were compared to the characteristics of both the six failures, as well as 29 additional infectious cases in which the peritoneal catheter was removed but was not replaced because of a variety of serious complications (such as pancreatitis, abscess, sepsis, or fluid overload). At the time of simultaneous catheter replacement in successful cases, temporary control of active peritoneal inflammation was achieved more frequently (80% vs. 31%, P < 0.001) with a shorter interval of antibiotic coverage (6.4 0.9 vs. 14.7
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1.3 days, P < 0.001). In addition, the successful cases were characterized by significantly more Staphylococcal infections (70% vs. 26%, P < 0.001) and significantly fewer Pseudomonal or fungal infections (6% vs. 59%, P < 0.001), although successful cases included some non-Pseudomonal, non-enteric gram negative infections (23%). In conclusion, simultaneous catheter replacement at the time of catheter removal works well not only for mechanical complications, but also for infectious complications characterized by: (a) persisting or recurring infection with Staphylococcal species or non-Pseudomonal, non-enteric gram negative rods; (b) active peritoneal inflammation controlled within seven days by antibiotic treatment; and (C) absence of serious systemic or intra-abdominal complications. Indeed, the successes reported here imply an important pathogenetic role for the catheter itself in the persistence or recurrence of infection. Moreover, our experience suggests that simultaneous procedures are feasible for a substantial number of cases in which this procedure has not ordinarily been performed in the past.
Chronic peritoneal dialysis (PD) has gained wide acceptance as a standard therapy for patients suffering irreversible chronic renal failure. Although extended patient and technique survival have been documented among chronic PD patients [1] [2] [3] , patient drop out and limited technique success often result from mechanical complications or refractory infections associated with the peritoneal access device [4] [5] [6] . For example, removal © 1991 by the International Society of Nephrology of the access device with interruption of PD is often necessary for difficult catheter tunnel infection [5, [7] [8] [9] , for dialysate leaking internally into the subcutaneous tissue or externally at the exit site [5, [8] [9] [10] , and for refractory or recurring peritonitis [6, 8, . With certain types of infections, particularly fungal or Pseudomonal peritonitis, early catheter removal is generally advocated [5, 6, 8, 15, 16] . In some instances the catheter can be replaced at a later time after an interval on hemodialysis, although many practitioners are reluctant to return such patients to chronic PD.
Refractory infection sometimes results directly from interaction between infecting organisms and foreign body, particularly when tunnel/exit infection or adherent, slime forming organisms are involved [17-191. Thus occasional reports in which peritoneal effluent was successfully sterilized following simultaneous catheter replacement at the time of catheter removal [20-23] support this view. Such a simultaneous procedure is not widely accepted, even though interruption of peritoneal dialysis is problematic in some patients. The present report outlines our experience over more than nine years with simultaneous replacement and removal not only for mechanical complications, but also for refractory infectious complications. The success of simultaneous procedures in refractory infections emphasizes the pathogenetic role of the catheter itself and underscores the possibility of eradicating the infections without necessarily interrupting ongoing chronic PD.
Methods
Cases described include all instances of simultaneous catheter removal and replacement performed in our program among more than 400 total patients placed on chronic PD over the last nine years. Catheter placement was performed by percutaneous methods whenever feasible, using a stainless steel introducing trochar with a double-cuff straight catheter before 1985, and using a guide wire and peel-away introducer with a double-cuff curled catheter since 1985 [5, 24] . Surgical placement was employed in pediatric patients, and when extensive prior surgery obviated safe percutaneous methods, when patients desired general anesthesia, or when placement was incidental to another surgery. Overall, approximately 2/3 of placements were percutaneous and 1/3 surgical, with few if any significant differences in complication rate or long-term outcome comparing these techniques [5, 24] .
Standard "break in" precautions for new catheters and intra-peritoneal antibiotic treatment of peritonitis and tunnel infections in our center have been previously described [5, 25] and have been consistent over the entire period of this report. Catheter removal was ordinarily considered in treating peritonitis whenever peritoneal effluent and clinical signs did not clear after five to seven days of appropriate antibiotic. The philosophy in our center has been to maintain patients on chronic PD whenever desirable or medically necessary, so that simultaneous catheter replacement at the time of removal was considered in each case. Simultaneous replacement, when undertaken, was localized opposite the side of the catheter being removed, was undertaken only with appropriate antibiotic coverage in infectious cases, and was deferred if possible until peritoneal inflammation was temporarily controlled.
Definitions used in this report include the following: persisting (or refractory) peritonitis is that which does not clear after at least one week of appropriate treatment, meaning two or more antibiotics in some cases of Pseudomonas or coagulase positive Staphylococcus infection; recurring peritonitis implies recurrence with the same micro-organisms after clearing of the peritonitis for more than two weeks following cessation of appropriate treatment; tunnel infection implies some combination of erythema and/or swelling over the subcutaneous tunnel and/or purulent discharge at the catheter exit site; leaking of dialysate can occur externally from the exit site or subcutaneously into the abdominal wall; and drainage failure implies inability to recover instilled dialysate refractory to standard treatment.
Statistical methods included the Chi square test comparing the frequency of characteristics between groups and the Student t-test comparing mean values between groups. Values are expressed as mean SEM.
Results
In total, 59 instances of simultaneous removal and replacement were identified in 49 patients, including one patient with four replacements over six years, one patient with three replacements over three years, and five other patients with two replacements each. Among the 59 cases, 41 simultaneous procedures were performed percutaneously by the Nephrology service (15 for non-infectious and 26 for infectious indications) and 18 were performed by the Surgery service in the operating room (8 for non-infectious and 10 for infectious indications).
Successful simultaneous procedures were achieved in 22 of 23 non-infectious cases (96%), included 10 with drain failure, eight with subcutaneous or external dialysate leaking, and four with broken catheters. The majority (15 of 23) of these replacements were performed percutaneously, and in 22 of 23 instances PD effluent was normal at the time of replacement. Minor, reversible complications included bloody effluent or dialysate leaking, and two weeks of interval hemodialysis were required in three cases. One case with severe adhesions from previous peritonitis failed simultaneous replacement and removal and required permanent hemodialysis.
There were 36 additional cases with refractory infectious complications, and 30 were managed successfully using simultaneous procedures, 20 of 30 performed percutaneously. Table  1 details the total prior PD and peritonitis experience for each case, and also shows that most of the successful simultaneous procedures were prompted by persisting or recurring peritonitis associated with a variety of complicating circumstances, such as tunnel infection, drain failure, or dialysate leaking, over a period ranging from one to 12 weeks. The refractory infections in these successful cases involved Staphylococcus species in 21 cases (70%), Pseudomonas species in two cases (6%), and gram negative rods in five cases (17%). At the time of the simultaneous procedures, only five (17%) of 30 successful cases had marked peritoneal inflammation (cloudy fluid and/or peritoneal WBC> 300), suggesting that, in general, temporary control of peritoneal inflammation was achieved with intra-peritoneal antibiotic given for an average of 6.4 0.9 days before catheter replacement.
The follow-up in these 30 successful cases, detailed in Table   1 , shows that eight cases had no subsequent peritonitis for periods ranging from four to 22 months, and that only seven cases had peritonitis within six months following the procedure, only three of these seven cases culturing the same species, coagulase positive Staphylococcus, as during the index infection. Subsequent catheter longevity ranged from four to 62 months, with six catheters failing later because of infectious complications at nine to 27 months following replacement.
Minor, reversible complications of the simultaneous procedure, including external dialysate leaking and peritonitis or bloody effluent, occurred in only three cases immediately following the procedure, and hemodialysis for up to two weeks was required in three cases. The success of simultaneous procedures did not correlate with age, sex, underlying renal diagnosis or duration of chronic PD prior to the index complication. Among the 36 infectious cases, there were six cases (17%) in which the simultaneous procedure failed; all six procedures were of the percutaneous type. Table 2 shows that two of these cases had no complication but that the infection persisted: case 31 had refractory coagulase positive Staphylococcus infection treated by catheter removal, returning to chronic PD six weeks later using a new catheter placed percutaneously; case 32 had persistent peritonitis with tunnel involvement, culturing multipie strains of Pseudomonas aeruginosa and eventuating in permanent hemodialysis. Simultaneous procedures failed in four additional cases because of procedure complications: case 33 had persistent dialysate leaking at the exit site and was treated successfully with another simultaneous procedure performed percutaneously; and case 34, 35, and 36 were complicated by bowel injury. As shown in Table 2 , each of the latter three complications occurred in the setting of persisting peritoneal inflammation despite appropriate antibiotics, with complex circumstances which are summarized as follows: (a) Case 34. This patient was a woman with multiple prior infections who, for religious reasons, refused both blood transfusion and hemodialysis. In the face of recurring Pseudomonas infection with drain failure, percutaneous replacement was attempted only after discussion with the surgical consultant, but was complicated by bowel injury requiring laparotomy. Multiple adhesions were noted, but after bowel repair circumstances necessitated surgical replacement of yet another PD catheter, and the patient survived on PD until Candida peritonitis supervened two to three months later.
(b) Case 35. This patient was a drug abuser with multiple prior peritonitis episodes over a relatively short course on PD. Transplant a "Petit x 2", peritonitis recurrent 2 times; "Pent refr", peritonitis persistent or refractory; see text for full explanation.
b "TI", tunnel infection; "DF", drain failure; "P", pediatric; "SL", subcutaneous dialysate leak; "EL", external dialysate leak. C Next peritonitis after the simultaneous procedure: "(months)", time to the next episode. Bowel perf Septic shock Died a "Pent x 2", peritonitis recurrent 2 times; "Pent refr", peritonitis persistent or refractory; see text for full explanation.
b "TI", tunnel infection; "DF", drain failure; "P", pediattic; "SL", subcutaneous dialysate leak; "EL", external dialysate leak. C Next peritonitis after the simultaneous procedure: "(months)", time to the next episode. ""Perm MD", permanent hemodialysis; "Temp MD", temporary hemodialysis with return to PD.
Percutaneous replacement was elected, but bowel injury reto hemodynamic instability, a percutaneous simultaneous prosuited because of "pseudomembrane" encasement of the viscedure was chosen over surgical removal. Catheter replacecera noted at subsequent laparotomy. The patient survived on ment was followed by clear effluent, but severe abdominal pain permanent hemodialysis thereafter. and septic shock ensued within four hours, and the patient died (c) Case 36. This patient was an elderly diabetic with severe acutely. Autopsy showed through-and-through perforation of coronary and peripheral vascular disease, who suffered multiple the bowel by the PD catheter, explaining both initially clear recent Serratia peritonitis episodes with tunnel infection. Due fluid as well as the subsequent catastrophe. clear Perm HD No a "Pent x 2", peritonitis recurrent 2 times; "Pent refr", peritonitis persistent or refractory; see text for full explanation. b "TI", tunnel infection; "DF", drain failure; "P", pediatric; "SL", subcutaneous dialysate leak; "EL", external dialysate leak. C Next peritonitis after the simultaneous procedure: "(months)", time to the next episode. ""Perm HD", permanent hemodialysis; "Temp HD", temporary hemodialysis with return to PD; "Med Rx", no interval dialysis performed.
For completeness, it should be noted that bowel injury has occurred in one other percutaneous catheter placement at our center, not a simultaneous procedure. Thus, in over 400 percutaneous cases at our center, bowel injury has occurred in less than 1% of cases. Table 3 , for comparison, lists the clinical characteristics and outcomes among all 29 contemporaneous cases in which catheter removal was performed for infectious indications, but in which replacement was obviated by concomitant clinical factors. Among these 29 cases (Table 3 ) plus the six failed simultaneous procedures (Table 2) , infections involved a different array of micro-organisms than the successful simultaneous cases (Table 1) Thus, the combined group with simultaneous procedure failure or simple removal had more severe infection and/or associated complications, resulting in failure to temporarily control active peritoneal inflammation even after more than 14 days of appropriate antibiotic on average. It is important to note, that even among these more difficult cases (Tables 2 and 3 ), a substantial number (11 to 35) returned to chronic PD after temporary hemodialysis.
Discussion
The successful resolution of PD catheter problems favorably influences patient retention on chronic PD, and several procedures for catheter salvage have been reported. For example, catheter manipulation [26, 271, surgical or percutaneous respositioning [5, 28] and peritoneoscopy 1291 have all been employed to restore function in devices with poor drainage. Fibrinolytic agents have also been used to relieve intra-luminal obstruction from protein coagula [30, 31] . In addition, exteriorization of an infected outer cuff often suffices to cure persistent tunnel or exit infection with two-cuff catheters [5, 9, 101 . Nonetheless, in the setting of persisting or recurring peritonitis, most authors recommend catheter removal, interval hemodialysis and delayed catheter replacement before returning to chronic PD [6, 8, 11-161. For non-infectious mechanical complications the danger of immediate replacement should be small, as is confirmed by the present experience. For infectious complications, on the other hand, there is widespread reluctance to replace catheters immediately. Yet there is growing evidence that resistant peritonitis is commonly associated with either (a) bacterial adherence along the catheter tunnel when Staphylococcus aureus or Pseudomonas species are involved [18, [32] [33] [34] , or (b) formation of bioflim along the tunnel or intraperitoneal portion of the catheter when Staphylococcus epidermidis or other slime forming micro-organisms are involved [17, 35, 36] . Theoretically, removal of the involved catheter should eliminate the nidus for infection. Indeed, the frequent success of simultaneous procedures described in the present report provides direct evidence supporting the role of either the foreign body or biofllm in the pathogenesis of some refractory peritonitis.
Previous experience with simultaneous replacement and removal in cases of refractory infection has been described in several small series limited to surgical placement techniques. Short-term peritoneal fluid sterilization has been reported following surgical catheter replacement in 15 of 18 cases of Staphylococcus aureus peritonitis [20] . In three other series refractory peritonitis due to a variety of organisms, immediate surgical replacement succeeded in 9 of 11 cases [211, 12 of 12 cases [22] and 12 of 12 cases [23] , respectively, with no serious morbidity reported.
Even by the most conservative analysis of the data presented here, it is clear that nearly half of all cases with difficult infections can be maintained on chronic PD following simultaneous catheter replacement and removal. Analyzing the present experience from another perspective, it is equally clear that in the vast majority of patients having difficult infections not associated with Pseudomonas, fungus or surgical complications, simultaneous catheter procedures can be expected to succeed. Although serious complications can be encountered occasionally with this approach, such sequelae are confined to very complex cases heralded by ongoing peritoneal inflammation despite more than seven days of appropriate antibiotic therapy. In retrospect, it might have been better in those few complicated cases reported here either to simply remove the catheter, as was done in patients with more obvious confounding factors (Table 3 ), or to perform the simultaneous procedure surgically.
In closing, although the factors which promote patient longevity on chronic PD are difficult to define, at least one multicenter survey of patient drop out suggests that the resolution of complications with minimal disruption in ongoing treatment contributes substantially to patient retention on chronic PD [37] . The experience reported here suggests that many catheter related complications, including difficult infections, can be treated successfully without modality change. Thus, facilitated replacement of catheters in circumstances, and using methods, such as those described here should improve patient retention and reduce drop-out from chronic PD.
